This study reports on the crude oil-sensing using carbon nano structures (CNSs). A mixture of CNSs was obtained by a simple method of preparation using palm cellulose ash and nitric acid as precursors, the powder was characterized by x-ray diffraction and infrared spectroscopy. The optical density of crude oil from Rhoud El-Baguel area (Southeast of Algeria) studied using UV-Vis spectroscopy, before and after adding an amount of CNSs powder to view the CNSs crude oil sensing and therefore a new method to determine the quality of crude oils and the comparison between them. Results show that CNSs prepared from palm cellulose ash have a good crystallinity and it is formed mainly from carbon nano dots (CNDs) with 4.32 Å in layers spacing and 7.4 Å in crystallite size, indicate that CNSs can be used as an excellent crude oil sensor.
Fluophore
Chemical structure Fluophore Chemical structure Continued washed with water to neutral and dried in the oven at 80 °C for 24 h. The cellulose fibers from Phoenix Dactylifera L. leaves were obtained 12, 13 .
Synthesis of carbon nanostructures (cnSs).
In order to obtain C-nanostructures, the cellulose extracted previously was carbonized in a muffle furnace directly at 240 °C for 2 h 4 . About 5 g of fine ashes obtained from cellulose furnace and mixed with concentrated nitric acid (60%) and stay in agitation for 24 hours. The mixture was separated by centrifugation at 12,000 rpm for an hour to separate the residue and supernatant. The latter was heated in a vacuum oven at 200 °C 14 . crude oil optic sensing. The oils were excited by ultraviolet rays (300-400 nm) which fluoresce in the visible wavelength range of 400 to 600 nm. The crude oil sample was obtained from Rhoud El-Baguel, close Hassi-Messaoud region, city of Ouargla south eastern of Algeria. To perform optical density measurements, it was required to dilute the sample to obtain a transparent solution to transmit the light. Cyclohexane was chosen as solvent that can optically respond in the range of 350 nm-500 nm, wavelengths used to excite crude oil 15, 16 . Six samples of oil diluted in cyclohexane at different concentrations were used for the measurements. Table 2 shows the different concentrations of prepared samples. Absorption spectra of all samples were measured at room temperature. at 350, 400,450 and 500 nm.
characterization of carbon nanostructures (cnSs) and optic sensing.
The type of the carbon Nano structure was analyzed by X-ray powder diffraction (XRD) using a BENCHTOP PROTO AXRD diffractometer in the range 2θ:10-80°(step: 0.1°) and Cu Kα1 Source (λ = 1,54 Å). Fourier transform infrared spectra were obtained on a SHIMADZU 8400 s (FT-IR) spectrometer whose extent is between 400 and 4000 cm −1 . UV/visible absorption spectra were recorded with a UV/VIS 6305 spectrophotometer (JENWAY Company). 
Results and Discussion
characterization of cnSs by XRD. Figure 1 shows the X-ray diffraction pattern of Carbon-Nanostructures (CNSs) produced by one-step thermal carbonization. For carbon nanodots (CNDs), a non-relief reflection band centered on 2θ = 21.68° corresponds the (002) lattice spacing of carbon-based materials with amorphous nature 17 or shows a shift down; what is indicates an increase in sp2 layer spacing 18 . Crystal planes and a small broad peak to about 2θ = 44.22° and 77.5° correspond to the set (100) and (110) reflections 19, 20 . The spacing between the layers was calculated by applying the Bragg equation and found at approximately 4.23 Å. As long as the average crystallite size, Lc, can be determined using the Scherrer equation:
or: λ: the wavelength of X-rays (1.54 Å), β: the width at half height (in radians), θ: the diffusion angle and K is the Scherrer constant (0.9) 21 . The Lc has been estimated at 7.0 Å. infrared spectroscopy ftiR. As shown in Fig. 2 , the existence of carbonyl (C=O) causes the peak of about 1696 cm −1 . The presence of oxygen-containing carbon structures has been confirmed. The peak at 1528 cm −1 can be attributed to the C=C stretching vibrations. The δ (C=O) vibration band is found at approximately 680 cm −1 22, 23 . The bands at 1900, 2098.172 and 2334.892 cm −1 can been attributed to inorganic ʋ 3 CO 3 , manganese carbonyl stretching frequency and water molecule under strongly hydrogen-bonded conditions [24] [25] [26] . In Fig. 3a it is possible to observe Rhoud El-baguel crude oil optical properties. It appears that the crude concentration varies proportionally with the optical density (OD) in all the domain of UV-Vis. After adding nano carbon, the concentration 0.4 ml/l shows the best OD (Fig. 3b ) throughout the UV-Vis range. www.nature.com/scientificreports www.nature.com/scientificreports/ The analysis also shows that the samples have a better optical density for a minimum value of wavelength (350 nm) and this for concentrations less than or equal to 0.4 ml/l. While it is less intense for other wavelengths throughout the UV-Vis domain (Fig. 4a ). For comparison, the OD increases perfectly according to each concentration and in the whole area at 400 nm (Fig. 4b) . www.nature.com/scientificreports www.nature.com/scientificreports/ In order to determine clearly the effect of carbon nanostructures on the optical properties of the oil sample, we study the optical density changes in terms of concentration of samples under a constant wave length of 400 nm before and after adding an amount of CNSs powder (Fig. 5 ).
And we study the optical density changes in terms of UV-Vis wavelengths for 0.4 ml/l concentration of sample before and after adding an amount of CNSs powder (Fig. 6 ). It is clear that the optical density increases strongly by adding nanocarbon. conclusion Carbon Nanostructures (CNSs) can be synthetized simply with an ash of palm cellulose available locally and maybe used as a very effective tool for sensing and estimating the quality of crude oil and comparing between them.
